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Brit. med. J., 1967, 2, 349-352 Direct determinations of the oxygen tension (Po2) and carbon dioxide tension (Pco2) of arterial blood are now widely used in the diagnosis and management of diseases of the heart and lungs. Commercial electrode systems, based on the Clark oxygen cell (Clark, 1956) , and the Severinghaus Pco2 electrode (Severinghaus and Bradley, 1958) are expensive items, and it is important to know the accuracy of these commercial instruments. This report describes the performance of two commercial electrode systems, the Radiometer Co. Po2 electrode type E 5044 and Pco2 electrode type E 5030, and the Instrumentation Laboratories Inc. combined Po2, Pco2, and pH electrode system type 113-S1, when used to measure the Po2 of gas mixtures and blood samples and the Pco2 of blood samples. Both these oxygen electrodes are of the modern microcathode type, in which the blood samples are not stirred in the cuvettes. The performance of the instruments was studied over the range 0-200 mm. Hg for Po2 and 20-100 mm. Hg for Pco2, as this represented the range most commonly encountered in clinical work.
Methods
A new tonometer system, based on the rotating disc principle of the Melrose oxygenator (Flenley and Millar, 1967) was used to prepare blood samples of known Po2 and Pco , by mixing blood with gas mixtures at 370 C. The tonometer was assessed for efficiency of oxygen transport by calculation of its diffusing capacity, the rate of equilibration, the amount of haemolysis produced, and for the effect of bacterial contamination on the results. The tonometer uses a continually flowing stream of gas, the mixtures being prepared in Douglas bags by the rotameter mixing device of Flenley (1964) . Samples of gas for Lloyd-Haldane analyses (duplicate analyses within 0.03 %) were taken from the gas stream as it left the tonometer. Freshly drawn heparinized human blood was used in the tonometer, samples being transferred to the electrode cuvettes in siliconed glass syringes, after equilibration with the gas mixtures had occurred.
The Po2 electrodes were set up with " white spot " nitrogen as the low reference point, and humidified air, or blood tonometered with air, as the high reference point. Air and nitrogen were introduced by 50-ml. syringes and the meter settings made when the readings were steady, between three and five minutes later. When the oxygen electrodes were used to measure the Po2 of gas mixtures the samples were also introduced from 50-ml. syringes. These gas mixtures, consisting of nitrogen, oxygen, and carbon dioxide, were analysed by the Lloyd-Haldane apparatus. The Pco2 electrodes were set up with mixtures of approximately 3% CO2 in 17 % 02 and 9 % CO2 in 17 % 02, the actual concentrations being determined by LloydHaldane analysis of the compressed gas mixtures. These reference gases were flushed through the cuvettes of the CO. electrodes at 25 ml./min. for at least 10 minutes, all gas connexions being by thick-wall rubber tubing. Electrode Po. = 7.4 + 0.90 (tonometer gas Po2).
The constants A and 19 of these regression equations are shown in Table I . One standard deviation (S.D.) about the regression line (Bailey, 1959) is calculated for each equation, and this value is also shown in Table I . For each of the two Po2 electrodes calibration equations are calculated when nitrogen and moist air were used as the reference points, and also when nitrogen and blood tonometered with air were used as reference points. In addition, equations are also presented which describe the results when both oxygen electrodes were used to measure the Po2 of gas mixtures. Again, the constants A and B and one standard deviation are presented in Table I (Bishop et al., 1967) .
With the Radiometer Pco2 electrode we found that the use of blood tonometered with gas reduced the 95 % confidence limits of the regression, but made no significant difference to the regression coefficient or intercept (Table I ). The routine practice of calibrating these Pco2 electrodes with gas mixtures only will not, therefore, produce any systematic errors, but will increase the random errors. This may arise from the difficulty of preventing leakages of GO-in delivery of the calibrating gases to the electrode, for, of course, this gas is much more diffusible than oxygen. The procedure we adopted of flushing the gas at 25 ml./min. through a short thick rubber tubing from a cylinder of compressed gas was that recommended by Severinghaus (1962) . The errors observed in this study must be compared with those found by others. The extensive work by Bishop et al. (1967) 
Patients and Methods
Liquor specimens from 29 Rh-positive normal pregnant women were examined during the 30th to 32nd weeks of gestation. These patients were all volunteers who were informed that the test was required purely for research purposes and was not part of their prenatal treatment. Specimens of liquor amnii were also taken from 22 Rh-negative mothers with histories of severe haemolytic disease and heterozygous husbands, or rising Rh-antiglobulin antibody titre, or with an antibody titre that conflicted with a history of previous offspring with haemolytic disease or of stillbirths. In less severe cases the specimens were taken during the 28th and 30th weeks of gestation, but in more severe cases likely to require intrauterine transfusion tests were made as early as the 20th week.
About 10 ml. of liquor amnii was obtained by abdominal paracentesis, as described by Walker and Jennison (1962) . The specimen was centrifuged, first in a clinical centrifuge to remove any red cells, and then the supernatant was recentrifuged at 17,000 r.p.m. (35,000 g) in a refrigerated (40 C.) centrifuge for 20 minutes to obtain a clear cell-free solution.
The optical extinction (E) of the clarified liquor was measured against water as a blank in a 1-cm. cuvette at 454, 490, 520, and 574 my with a Unicam S.P.500 spectrophotometer. The total bile pigment concentration in the specimen was determined by diazo-coupling, as described by Watson (1962) , except that 1.4 ml. instead of 1 ml. liquor was taken for the test and the reagents were increased proportionally. The total protein concentration was determined by the biuret reaction: 0.5 ml. of liquor (or 0.25 ml. where the protein concentration was found to be greater than 5 mg./ml.), diluted to 1 ml. with 0.9% w/v saline, was mixed with 1 ml. of biuret reagent, prepared by diluting stock reagent (Weichselbaum, 1946) one in five with 0.2 N sodium hydroxide containing 0.5 % w/v potassium iodide. The intensity of the colour developing after standing for 15 minutes at 370 C. was measured spectrophotometrically at 540 mIu. The protein concentration in the specimen was calculated by comparison with standards prepared from vacuumdried bovine albumin " Armour " treated with biuret reagent under the conditions of the test.
Cord and infant serum bilirubin estimations were carried out by the method of Lathe and Ruthven (1958 Results The individual levels of protein concentration in liquor from 25 Rh-positive pregnancies, and bile pigment concentration ink these cases, plus four similar ones, are shown in Table I , together with the observed differences in optical extinction (AE) between 454 and 574 mx and between 490 and 520 m~i, as described by Alvey (1964) and Knox et al. (1965) respectively. It should be emphasized that all optical readings were made in a cell of 1 cm. light path, whereas Knox et al. (1965) 
